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METHOD FOR INCREASING THERMAL CONVECTION SPEED 

IN A THERMOFUSIBLE POLYMER.. 



FIELD OF THE INVENTION 

The present invention concerns a method for increasing thermal 
convection in a thermofusible polymer. 

BACKGROUND OF THE INVENTION 

In heating polymers there is a preliminary phase preparatory to 
processing the polymers with heat formation or blow molding. It usually 
consists of exposing the polymers to an exterior source of thermal radiation. 
The temperature of the mass of polymer rises progressively through 
convection according to a downward angled slope. At the outset of the 
polymer's exposure to the source of thermal radiation, the temperature in the 
area closest to the source is higher than the area farther away. 
Progressively, the temperature difference between the nearby area and the 
distant area attenuates. Heat transmission occurs by convection over a 
period of time that depends specifically upon the source temperature and 
the thickness of the material. 

The length of time required for the temperature of the entire mass of 
polymer to rise depends upon the process for shaping the material. 
Reducing this time increases production and profits. 

SUMMARY OF THE INVENTION 

The present invention proposes a method for reducing the time 
required for convection heating of a mass of thermofusible polymer. 

This objective is achieved by the method in that the polymer is 
simultaneously exposed to at least one source of thermal radiation and to 
ultrasonic vibrations. The ultrasonic vibrations are transmitted to the 
thermofusible polymer by the direct application to a surface of the polymer 
of at least one sonotrode which is supplied by an ultrasound generator. 

Besides increasing the transmission of heat through the polymer wall, 
the application of ultrasonic vibrations and simultaneous exposure to a 



source of thermal radiation results in reorganization of the polymer 
molecules, favoring orientation of the molecules in a predetermined 
direction. 

In a preferred embodiment, one surface of the polymer is exposed to 
a first source of thermal radiation and the opposite surface of the polymer 
is exposed to a second source of thermal radiation. 

This allows for modulating the temperature differential between the 
opposing polymer surfaces exposed to the two sources of thermal radiation. 
It is possible to also improve the physical properties of the polymer and vary 
the heat transmission according to the polymer's shape, mass, and type. 

Preferably, the ultrasonic vibrations are transmitted to the 
thermofusible polymer by placing at least one sonotrode in contact with a 
liquid intermediary which is in contact with one surface of the polymer. 

The thermal radiation sources range in temperature from 100° to 
500° C and the ultrasonic vibration frequency ranges from 15 to 60 kHz. 

Advantageously, the duration of exposure to the thermal radiation 
source ranges from 1 to 1 0 seconds and preferably equals about 3 seconds. 

In another embodiment, the ultrasonic vibrations are applied 
intermittently. This variation allows for modulating the speed of heat 
transmission through the polymer. 

The present invention will be better understood with reference to the 
description of one preferred embodiment, which it not limitative, of the 
method and its variations. 

When a mass of synthetic material, particularly an object made of 
thermofusible polymer, is exposed to a source of thermal radiation, the 
temperature of the mass rises progressively; inside the mass there is an 
obsen/able temperature gradient defined by a generally linear curve with a 
negative slope. The simultaneous application of ultrasonic vibrations 
has the effect of either reducing the slope of the curve, eliminating it, 
or reversing the temperature gradient. 
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In practice, this translates into increasing heat transmission through 
the polymer mass, such that the wall of the object farthest away from the 
heat radiation source, after a very short period of time, reaches a higher 
temperature than the wall closest to the source. 
5 In order to achieve this, the thermofusible polymer is exposed 

simultaneously to at least one source of thermal radiation and to ultrasonic 
vibrations. To transmit these vibrations to the polymer, a sonotrode supplied 
by an ultrasound generator can be applied directly to one of the surfaces of 
the polymer. 

10 Various other embodiments of the method may be practiced. One of 

these variations consists of exposing one surface of the polymer to a first 
S source of thermal radiation, exposing the opposite surface to a second 

2 source of thermal radiation, and simultaneously applying ultrasonic 

M vibrations. 

JJt 15 Ultrasonic vibrations may also be transmitted indirectly to the polymer 

Vi by placing the sonotrode in contact with a liquid intermediary which is in 

Q contact with a surface of the polymer. 

In all these variations, the radiation sources range in temperature 
^ from 100° to 500° C and the frequency of the ultrasonic vibrations 

2 20 transmitted ranges from 15 to 60 kHZ, 

It has been observed that for products made of thermofusible polymer 
such as polyethylene terephthalate (PET) that is several millimeters thick, 
the required length of time for exposure to a source of thermal radiation in 
preparation for the thermoformation process ranges from 1 to 10 seconds 
25 and preferably equals about 3 seconds. 

Furthermore, the polyethylene terephthalate does not undergo any 
crystallization at a temperature equal to or higher than the vitreous transition 
temperature, which is generally above 70° C. 

Finally, it is noted that the structure becomes anisotropic and the 
30 molecular chains of the thermofusible polymers are oriented in the preferred 
direction parallel to the axis of propagation of the ultrasonic vibrations. 



These phenomena prevent ultrasonic propagation in the material from 
stopping once vitreous transition is attained. 

These results are further improved by applying the ultrasonic 
vibrations intermittently. The direction of the ultrasonic vibration propagation 
axis is chosen as a function of the geometry of the objects for 
thermoformation. If the objects are elongated, the ultrasound is preferably 
applied in a direction corresponding to the longest portion of the objects. 
The molecular chains align themselves in this direction and favor 
propagation of ultrasonic vibration. 



Claims 



8. A method for increasing thermal convection speed in a 
thermofusible polymer, wherein said polymer is simultaneously exposed to 
at least one source of thermal radiation and to ultrasonic vibrations, and in 
that said ultrasonic vibrations are transmitted to said thermofusible polymer 
by applying directly to one surface of said polymer at least one sonotrode 
supplied by an ultrasound generator. 

9. The method according to claim 8, wherein one surface of said 
polymer is exposed to a first source of thermal radiation and the opposite 
surface of said polymer to a second source of thermal radiation. 

10. The method according to claim 8, wherein said ultrasonic 
vibrations are transmitted to said thermofusible polymer by placing at least 
one sonotrode in contact with a liquid intermediary which is in contact with 
one surface of said polymer. 

11. The method according to claim 8, wherein said sources of 
thermal radiation range in temperature from 100° to SOO*" C. 

12. The method according to claim 8, wherein the frequency of the 
ultrasonic vibrations transmitted ranges from 15 to 60 kHz. 

13. The method according to claim 8, wherein the thermofusible 
polymer is a polyethylene terephthalate, characterized in that the duration 
of exposure to the thermal radiation source ranges from 1 to 1 0 seconds and 
preferably equals approximately 3 seconds. 

14. The method according to claim 8, wherein the ultrasonic 
vibrations are applied intermittently. 
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METHOD FOR INCREASING THERMAL CONVECTION SPEED 

IN A THERMOFUSIBLE POLYMER 

Technical Domain 
FIELD OF THE INVENTION 

The present invention concerns a method for increasing thermal 
convection in a thermofusible polymer. 

BACKGROUND OF THE INVENTIONPftei-Art 

In heating polymers there is a preliminary phase preparatory to 
processing the polymers with heat formation or blow molding. It usually 
consists of exposing the polymers to an exterior source of thermal radiation. 
The temperature of the mass of polymer rises progressively through 
convection according to a downward angled slope. At the outset of the 
polymer's exposure to the source of thermal radiation, the temperature in the 
area closest to the source is higher than the area farther away. 
Progressively, the temperature difference between the nearby area and the 
distant area attenuates. Heat transmission occurs by convection over a 
period of time that depends specifically upon the source temperature and 
the thickness of the material. 

The length of time required for the temperature of the entire mass of 
polymer to rise depends upon the process for shaping the material. 
Reducing this time increases production and profits. 

Description of the Invern ttoftSUMMARY OF THE INVENTION 

The present invention proposes a method for reducing the time 
required for convection heating of a mass of thermofusible polymer. 

This objective is achieved by the method the polymer is 
simultaneously exposed to at least one source of thermal radiation and to 
ultrasonic vibrations. The ultrasonic vibrations are transmitted to the 
thermofusible polymer by the direct application to a surface of the polymer 
of at least one sonotrode which is supplied by an ultrasound generator. 

Besides increasing the transmission of heat through the polymer wall, 
the application of ultrasonic vibrations and simultaneous exposure to a 



1 



source of thermal radiation results in reorganization of the polymer 
molecules, favoring orientation of the molecules in a predetermined 
direction. 

In a preferred embodiment, one surface of the polymer is exposed to 
5 a first source of thermal radiation and the opposite surface of the polymer 

is exposed to a second source of thermal radiation. 

This allows for modulating the temperature differential between the 
opposing polymer surfaces exposed to the two sources of thermal radiation. 
It is possible to also improve the physical properties of the polymer and vary 
10 the heat transmission according to the polymer's shape, mass, and type. 

Preferably, the ultrasonic vibrations are transmitted to the 
m thermofusible polymer by placing at least one sonotrode in contact with a 

£fl liquid intermediary which is in contact with one surface of the polymer. 

I^JJ The thermal radiation sources range in temperature from 100"" to 

m 15 500° C and the ultrasonic vibration frequency ranges from 15 to 60 kHz. 

Advantageously, the duration of exposure to the thermal radiation 
y source ranges from 1 to 1 0 seconds and preferably equals about 3 seconds. 

Q In another embodiment, the ultrasonic vibrations are applied 

S intermittently. This variation allows for modulating the speed of heat 

20 transmission through the polymer. 

The present invention will be better understood with reference to the 
description of one preferred embodiment, which it not limitative, of the 
method and its variations. 

When a mass of synthetic material, particularly an object made of 
25 thermofusible polymer, is exposed to a source of thermal radiation, the 
temperature of the mass rises progressively; inside the mass there is an 
observable temperature gradient defined by a generally linear curve with a 
negative slope. The simultaneous application of ultrasonic vibrations 
has the effect of either reducing the slope of the curve, eliminating it, 
30 or reversing the temperature gradient. 
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In practice, this translates into increasing heat transmission through 
the polymer mass, such that the wall of the object farthest away from the 
heat radiation source^ after a very short period of time^ reaches a higher 
temperature than the wall closest to the source. 
5 In order to achieve this, the thermofuslble polymer is exposed 

simultaneously to at least one source of thermal radiation and to ultrasonic 
vibrations. To transmit these vibrations to the polymer, a sonotrode supplied 
by an ultrasound generator can be applied directly to one of the surfaces of 
the polymer. 

10 Various other embodiments of the method may be practiced. One of 

these variations consists of exposing one surface of the polymer to a first 
source of thermal radiation, exposing the opposite surface to a second 
source of thermal radiation, and simultaneously applying ultrasonic 
vibrations. 

1 5 Ultrasonic vibrations may also be transmitted indirectly to the polymer 

by placing the sonotrode in contact with a liquid intermediary which is in 
contact with a surface of the polymer. 

In all these variations, the radiation sources range in temperature 
from 100° to 500'' C and the frequency of the ultrasonic vibrations 
20 transmitted ranges from 15 to 60 kHZ. 

It has been observed that for products made of thermofusible polymer 
such as polyethylene terephthalate (PET) that is several millimeters thick, 
the required length of time for exposure to a source of thermal radiation in 
preparation for the thermoformation process ranges from 1 to 10 seconds 
25 and preferably equals about 3 seconds. 

Furthermore, the polyethylene terephthalate does not undergo any 
crystallization at a temperature equal to or higherthan the vitreous transition 
temperature, which is generally above 70° C. 

Finally, it is noted that the structure becomes anisotropic and the 
30 molecularchains of the thermofusible polymers are oriented in the preferred 

direction parallel to the axis of propagation of the ultrasonic vibrations. 



These phenomena prevent ultrasonic propagation in the material from 
stopping once vitreous transition is attained. 

These results are further improved by applying the ultrasonic 
vibrations intermittently. The direction of the ultrasonic vibration propagation 
axis is chosen as a function of the geometry of the objects for 
thermoformation. If the objects are elongated, the ultrasound is preferably 
applied in a direction corresponding to the longest portion of the objects. 
The molecular chains align themselves in this direction and favor 
propagation of ultrasonic vibration. 
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Claims 

1-^ — A method for increasing thermal convect i on speed in a 

thermofusible polymer, characterized in that sa i d polymer is simultaneously 
exposed to at least one source of thermal radiation and to ultrasonic 
vibrations, and in that said ultrasonic v i brations are transmitted to said 
thermofusible po l ymer by apply i ng directly to one surface of said polymer at 
l east one sonotrode supplied by an ultrasound generator. 

2: — The method accord i ng to cla i m 1 characterized in that one 

surface of said polymer is exposed to a f i rst source of thermal radiation and 

the opposite surface of sa i d polymer to a second source of thermal radiation. 

3. The method according to claim 1 character i zed in that said 

ultrason i c vibrations are transmitted to said thermofusible polymer by placing 
at least one sonotrode i n contact with a liquid intermediary which is in 
contact with one surface of said polymer. 

4. The method according to claims 1 and 2 character i zed in that said 

sourc e s of th e rmal radiation range in t e mp e rature from 100"^ to 500'' C. 

5^ — The method according to claim 1 characterized in that the 

frequency of the ultrasonic vibrations transmitted ranges from 15 to 60 kHz. 

e-. — The method according to c l a i m 1 where i n the thermofusible 

po l ymer is a polyethylene terephthalate, characterized in that the duration 
of exposure to the therma l radiation source ranges from 1 to 10 seconds and 
preferably equa l s approx i mately 3 seconds. 

7~, — The method according to c l aim 1 character i zed in that the 

ultrasonic vibrations are applied intermittently, 

8, A method for increasing thermal convection speed in a 
thermofusible polvmer, wherein said polvmer is simultaneously 
exposed to at least one source of thermal radiation and to ultrasonic 
vibrations, and in that said ultrasonic vibrations are transmitted to said 
thermofusible polymer by applying directly to one surface of said 
polymer at least one sonotrode supplied by an ultrasound generator. 
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9. The method according to claim 8, wherein one surface of 
said polymer is exposed to a first source of thermal radiation and the 
opposite surface of said polymer to a second source of thermal 
radiation, 

10. The method according to claim 8, wherein said ultrasonic 
yibrations are transmitted to said thermofusible polymer by placing at 
least one sonotrode in contact with a liquid intermediary which is in 
contact With one surface of said polymer, 

11. The method according to claim 8, wherein said sources of 
thermal radiation range in temperature from 100° to 500° C, 

12- The method according to claim 8, wherein the frequency of 
the ultrasonic yibrations transmitted ranges from 15 to 60 kHz, 

1 3- The method according to claim 8, wherein the thermofusible 
polymer is a polyethylene terephthalate, characterized in that the 
duration of exposure to the thermal radiation source ranges from 1 to 
10 seconds and preferably eguals approximately 3 seconds- 

14, The method according to claim 8, wherein the ultrasonic 
yibrations are applied intermittently. 



CM ETHOD FO R INCREASING THERMAL CONVECTION SPEED 

li^TA THERMQEUSIBLE POLYMER" 

Technical Domain 

The present invention concerns a method for increasing thermal 
convection speed in a thermofusible polymer. 

Prior Art 

In heating polymers there is a preliminary phase preparatory to 
processing the polymers with heat formation or blow molding. It usually 
consists of exposing the polymers to an exterior source of thermal radiation. 
The temperature of the mass of polymer rises progressively through 
convection according to a downward angled slope. At the outset of the 
polymer's exposure to the source of thermal radiation, the temperature in the 
area closest to the source is higher than the area farther away. 
Progressively, the temperature difference between the nearby area and the 
distant area attenuates. Heat transmission occurs by convection over a 
period of time that depends specifically upon the source temperature and 
the thickness of the material. 

The length of time required for temperature of the entire mass of 
polymer to rise conditions the process for shaping the material. Reducing 
this time increases production profits. 

Description of the Invention 

The present invention proposes a method for reducing the time 
required for convection heating of a mass of thermofusible polymer. 

This objective is achieved by the method described in the preamble, 
characterized in that said polymer is simultaneously exposed to at least one 
source of thermal radiation and to ultrasonic vibrations, and in that said 
ultrasonic vibrations are transmitted to said thermofusible polymer by the 
direct application to a surface of said polymer of at least one sonotrode 
which is supplied by an ultrasound generator. 

Besides increasing the transmission speed of heat through the 
polymer wall, the application of ultrasonic vibrations and simultaneous 



exposure to a source of thermal radiation results in reorganization of the 
polymer molecules, favoring orientation of the molecules in a predetermined 
direction. 

According to a first variation, one surface of said polymer is exposed 
to a first source of thermal radiation and the opposite surface of said 
polymer is exposed to a second source of thermal radiation. 

Because of this, it is possible to modulate the temperature differential 
between the two opposite polymer surfaces exposed to two sources of 
thermal radiation. It is also possible to improve the physical properties of the 
polymer and to vary the heat transmission speed according to the polymer's 
shape, mass, and type. 

Preferably, said ultrasonic vibrations are transmitted to said 
thermofusible polymer by placing at least one sonotrode in contact with a 
liquid intermediary which is in contact with one surface of said polymer. 

Preferably, said thermal radiation sources range in temperature 
from 100° to SOO'' C and the ultrasonic vibration frequency ranges from 
1 5 to 60 kHz. 

Advantageously, the duration of exposure to the thermal radiation 
source ranges from 1 to 1 0 seconds and preferably equals about 3 seconds. 

According to a particularly interesting method of proceeding, the 
ultrasonic vibrations are applied intermittently. 

This variation also provides for modulating the speed of heat 
transmission through the polymer. 

The present invention will be better understood with reference to the 
description of one preferred embodiment, which it not limitative, of the 
method and its variations. 

How to Carry Out the Invention 

When a mass of synthetic material, particularly an object made of 
thermofusible polymer, is exposed to a source of thermal radiation, the 
temperature of the mass rises progressively; inside the mass there is an 



observable temperature gradient defined by a generally linear curve with a 
negative slope. The simultaneous application of ultrasonic vibrations 
has the effect of either reducing the slope of the curve, eliminating it, 
or reversing it. 

In practice, this translates into an increased speed of heat 
transmission through the polymer mass, such that the wall of the object 
farthest away from the heat radiation source after a very short period of time 
reaches a higher temperature than the wall closest to the source. 

In order to achieve this, the thermofusible polymer is exposed 
simultaneously to at least one source of thermal radiation and to ultrasonic 
vibrations. To transmit these vibrations to the polymer, a sonotrode supplied 
by an ultrasound generator can be applied directly to one of the surfaces of 
the polymer. 

Various other embodiments of the method may be practiced. One of 
these variations consists of exposing one surface of the polymer to a first 
source of thermal radiation, exposing the opposite surface to a second 
source of thermal radiation, and simultaneously applying ultrasonic 
vibrations. 

Ultrasonic vibrations may also be transmitted indirectly to the polymer 
by placing the sonotrode In contact with a liquid intermediary which is in 
contact with a surface of the polymer. 

In all these variations, the radiation sources range in temperature 
from 100"" to 500'' C and the frequency of the ultrasonic vibrations 
transmitted ranges from 15 to 60 kHZ. 

It has been observed that for products made of thermofusible polymer 
such as polyethylene terephthalate (PET) that is several millimeters thick, 
the required length of time for exposure to a source of thermal radiation in 
preparation for the thermoformation process ranges from 1 to 10 seconds 
and preferably equals about 3 seconds. 



Furthermore, said polyethylene terephthalate does not undergo any 
crystallization at a temperature equal to or higher than the vitreous transition 
temperature, which is generally above 70'' C. 

Finally, it is noted that the structure become anisotropic and the 
molecular chains of the thermofusible polymers are oriented in the preferred 
direction parallel to the axis of propagation of the ultrasonic vibrations. 
These phenomena prevent ultrasonic propagation in the material from 
stopping once vitreous transition is attained. 

These results are further improved by applying the ultrasonic 
vibrations intermittently. The direction of the ultrasonic vibration propagation 
axis is chosen as a function of the geometry of the objects for 
thermoformation. If they are elongated objects, the ultrasound is preferably 
applied in a direction corresponding to the longest portion of the objects. 
The molecular chains align themselves in this direction and favor 
propagation of ultrasonic vibration. 



Claims 

1. A method for increasing thermal convection speed in a 
thermofusible polymer, characterized in that said polymer is simultaneously 
exposed to at least one source of thermal radiation and to ultrasonic 

5 vibrations, and in that said ultrasonic vibrations are transmitted to said 
thermofusible polymer by applying directjy to one surface of said polymer at 
least one sonotrode supplied by an ultrasound generator. 

2. The method according to claim 1 characterized in that one 
surface of said polymer is exposed to a first source of thermal radiation and 

10 the opposite surface of said polymer to a second source of thermal 
radiation. 

2 3. The method according to claim 1 characterized in that said 

^ ultrasonic vibrations are transmitted to said thermofusible polymer by placing 

kj at least one sonotrode in contact with a liquid intermediary which is in 

^ 15 contact with one surface of said polymer. 

ifl 4. The method according to claims 1 and 2 characterized in that said 

Q sources of thermal radiation range in temperature from 100"" to 500° C. 

jiL! 5. The method according to claim 1 characterized in that the 

^ frequency of the ultrasonic vibrations transmitted ranges from 15 to 60 kHz. 

2 20 6. The method according to claim 1 wherein the thermofusible 

polymer is a polyethylene terephthalate, characterized in that the duration 
of exposure to the thermal radiation source ranges from 1 to 10 seconds and 
preferably equals approximately 3 seconds. 

7. The method according to claim 1 characterized in that the 
25 ultrasonic vibrations are applied intermittently. 



30 



METHOD FOR INCREASING THERMAL CONVECTION SPEED 

IN A THERMOFUSIBLE POLYMER 

Abstract of the Disclosure 

The Invention concerns a method for increasing thermal convection 
speed in athermofusible polymer, in particular a polyethylene terephthalate, 
enabling to increase the speed of heat transmission by thermal convection 
in the polymer, by exposing it simultaneously to at least a thermal radiation 
source and ultrasonic vibrations. Th ultrasonic vibrations are preferably 
applied intermittently on a surface of the polymer via a sonotrode supplied 
by an ultrasound generator, either directly, or via a liquid in contact with the 
polymer. Thus the physical characteristics of the polymer can be improved 
and the heat transmission speed can be varied depending on its form, mass 
and type.. 
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